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Sumainry 

Tho advent ot tha Shuttle launch vehicle and Spacelab 
have resulted In adequate weight and volume such that 
experiment olecttonlcs can bo implemented at rclotive- 
ly low cost using BpaccfliBhc versions of CiVHAC and 
NIM modules. Studies of 10 modules by manufacturers 
have shown thoc power reduction overall by a factor of 
0. 3 can be oceomplishcd. This is adequate both 
from tho point of view oi consumption and temperature 
rise in vacuum. Our studies have shown that a stock 
of A5 module types is required and a listing is 
given. The changes required in these modules in order 
to produce spaceflight versions ore described. And 
finally, tho furtlicr studies, prototyping nnd testing 
leading to eventual flight qualification ace described. 

Introduction 

The nvallablllty of the Space Shuttle o low-cost 
transportation system beginning in the Inte 1970'a 
will result in significant changes in tho manner 
in which the research and applications programs ace 
carried out in space. The Space Shuttle will be used 
in what is called tho aortic mode, earth-orbital 
miaslons of 7 days to begin with, as well ns to de- 
ploy and possibly recover orbiting satellites and 
space probes. Often the Shuttle orbital vehicle 
will carry in its cargo bay a science support system 
called Spocelab. The nodular Spacelab system generally 
consists of a nan-rated, prcssurlted module, ns well 
as several pallet sections as described in a previous 
paper. ^ 

Spacelab is being designed and built by the European 
Space Agency (ESA) and its contractors in cooperation 
with the National Aeronautics and Space Administration. 
Spacelab Will provide n comfortable laboraf jry environ- 
ment for experiments and for experimonterfs) when 
necessary. Most missions which do fly the SpncclnU 
will probably Include one or more pallet sections. 
Exporimcnt sensor systems and often the entire experi- 
ment will be mounted on these pallets and will be 
directly exposed to space when the orbiter bay doors 
ore open. Many miaslons will not require the prossur- 
Izod Space, ob and will use tho pallet-only mode of 
Spacelab. In the latter case, an igloo attached to 
the pallet provides n pressurized, thermally-controlled 
environment for the Shuttle Interfoce equipment, Spoce- 
Inb computers ond possibly a small amount of experiment- 
er hardware. The pallets provide standardized power, 
electronic, mechanical and thermal interfaces. 

Ordinarily the CAMAC nnd NIH instrumentation that I'm 
discussing would bo mounted in stacks of several 
crates directly on the pallet floor, 

Sortlo Mode 

The sortie mode uses the Shuttle to carry cxpurlmont 
payloads together with payload specialist and experi” 
roenta into E.arch orbit for periods from 7 to 30 days. 
Generally, the experiments will remain attached to 
the orbiter or pallets, although large sensors such 
as telescopes may be deployed through the bay doors 
while acquiring data in orbit. The payload speclal- 
ista who would accompany some payloads into orbit 
could li sclentlsto or engineers with a minimum of 
spaceflight training. 


This sortie mode is envisioned to operate u-dcr a phil- 
osophy similar to that developed over the ycors 
for the scientific, engineering ond applications 
investigations carried out in tho various NASA 
airborne and sounding rocket progroms. It is 
envisioned that entire payloads consisting of a 
Spacelab in its vorious con figurations and/or satel- 
lites to be deployed would be delivered in an Intcgro- 
ted and tested assembly to the launch site for a 
typical Shuttle mission configuration, 

Modularization and Standardization 

It is clear that the availability of a relatively 
low-cost reusable launcher for lorge payloads, Shuttle, 
wi ,1 result in quite o different approach to the manner 
of carrying out investigations. On conventional 
spacecraft weight, power and volume have often been 
major consCralnts leading to customized, demanding 
designs which may only be used once. The changing 
and improving parts technology in the past decade 
haa driven this effect. This has been costly both in 
terms of money ond demnndo on the available, experienced 
manpower. This situation has led to an especially 
demanding reliability and quality assurance progroro. 

The Shuttle's system will allow, weight, power and 
volume constraints to be relaxed. This will not 
only allow the launching of heavy paylofis consisting 
of cither large groups of small experiments or of 
several large experiments, but will Inevitably lead 
to the standardization and modulcrlzaclon of electronic 
and mechanical assemblies in the experiment hardware, 
as well as the Spacelab, F'luttlc orbiter and launch 
vehicle themselves. Such standardization and modular- 
ization is not only cost effective, but obviously 
enhances the system's ease of design, repair and 
modification and allows the reuse Inherent in the over- 
all Shuttle concept. 

To many of the rcadors of this paper, the potential 
for the use of C.\MAC and NIM standard, modular elec- 
tronic systems is obvious. These instrumentation 
systems were developed originally to serve the needs 
of nuclear research institutions in Europe and North 
America. They have the advantage of extensive, 
proven user acceptance and experience. Ke will en- 
deavor to show you thiir usefulness in the Shuttle 
program and to acquaint you with the development and 
study programs which are now underway. 

CAMAC and KIM Studies for Shuttlc/Spacelab 

Consideration of CAMAC and NIH is Included in several 
studies at tho systems level by NASA nnd ESA groups 
and their contractors. ESA, for instontc, presently 
has a contract with tho Austrian Society for Atonic 
Energy and its subcontractors for the study for the 
use of CAMAC in the Spacelab. 

A study directed by the HASA/Johnson Space Center 
and curried out by the Aerospace Systems Division of 
Bendlx Corporation addressed to the applicability of 
CAMAC and NIM to various payloads being considered 
by ESA nnd NASA.^ Table 1 euroraarlzes a major result 
of that study, f, bowing applicability of standard, 
available CAMAC and NIM moi^'les to the six experimental 
payloads chosen for the study. It is at once obvious 
that CAMAC has wide applicability within the experiments 
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TABLE ll AFPROXUIATE PERCENTAGE OF PAYLOAD ELECTRONICS FEASIBLE FOR NIH/CAMAC 


Pnvlond 


% of PlKltol In CAHAC X of Annlop. In NIH 


AetronoalcaL Obaervatoty 80 5 
Atnoapherlc Science Fncillty 90 0 
Auroral and Magnetoapheric 90 40 
Coomlc Ray Laboratory 100 90 
13-Banti Multispectrol Scanner 30 0 
Orbital Hlcrownvc Radar 90 0 


coneldcrcd. Moat portiona oE the experimento dealing 
with nodcrote-Bpeed digital data acqulaltlon end control 
and analog data collection and distribution can be 
InplCBcntnd with existing conimorclally-nvallablc CAMAC 
tnodulua. Only the very high data rate experiments such 
as the multlspcctral scanner and video systems In 
gonoral do not lend themaelvco to CAHAC Implementation. 

The NIH Inatrumcntatlon has more limited usage as one 
might expect, slncu It Is geared toward pulse handling 
applications. It is very useful for Investigations In 
high-energy astrophysics including X-rny astronomy, 
gomsa-ray astronomy and the cosmic-ray experiments. 

Its limited usefulness for auroral ond magnetoapheric 
experiments noted in the Bcndlx study would be greatly 
Increased by the availability of a few new modules. 

It Is apparent to many of us who are dally concerned 
with the design of Instrumentation for space experiments 
that the NIM stondard^ It Ideal for low-level analog 
circuitry, and the mechanical system Is rugged and 
readily available. It makes good sense to us to deaign 
ond package most linear circuitry, threshold discrim- 
inators and logic circuits beyond the detector prennp- 
llflets ond high-voltage bins supplies according to 
tho NIM standard. 

The study by the Aerospace Systems Division of Bendlx 
and further study by TRk' Systems Croup* for the 
Johnion Space Center anticipate using the CAMAC and 
HIM instrumentation within tho pressurized, controlled 
environment of Spacelab, Since this volume and atmos- 
phere arc used by the astronauts as well, heavy demands 
arc placed on che CAMAC and HIM in terms of safety, 
matcrlala, outgasslng and human factors. These, In 
turn, will hove a aubstanclal Impact on cost. 

At the Goddard Space Flight Center, several Shuttle 
studies have been underway, Including one espcciolly 
concerned with aiding the High Energy Astrophyaics 
Management Operations Working Group. This group of 
experimentalists studying X-ray and gamma-rny astronomy, 
cosmic-ray physics and high-energy nuclear physics, can 
Implement their experiment electronics almost catircly 
with existing CAHAC and .NIM inattuoentaclon. It 
should be noted that ssnsor preomps ond power condition- 
ing arc not Included in the CAMAC/NIH equipment since 
they usually must be located directly at the detectors 
due cither to special sensitivities or problems of 
high voltage distribution In vacuum. With the publicity 
growing Out of this work, we are now briefing and teach- 
ing experimenters concerned with astronomy, solar phys- 
ics, thp atmosphere, Ionosphere, magnetosphere, etc,, 
particularly with the advantages of such a space-quali- 
fied CAMAC system. 

CSFC CAMAC and NIH Studios 

The group of astrophysics experiments considered In this 
CSFC study are typically very complicated, requiring 
largo weight, volume and power. They are so sophistlcn- 
tod that several will be best implemented by the inclu- 
sion of a microprocessor. Those experiments usuolly 
ore totally automated and do not require experimenters 
In space with them, and thus they are adequately 


provided for In a Spacelab pallet-only node. Thin 
mode maxlmlzoa the weight and power avalloblc to 
the experiments by eliminating the substantial burden 
of the large pressurized compartment. 

On the other hand, the CAMAC and HIM equipment proposed 
Is not adversely affected by vocuum operations. Several 
NASA groups have been routinely using them as parts 
of electronics systems for experiments on hlgh- 
altltudc balloons. There are potential problems In 
some modules due to high power dissipation In particu- 
Inr components - leading to hot spots and thermal 
problems. Another power problem results from the 
need of many of the astrophyBloal experiments for 21- 
to 30-day missions vs. 7-day missions in order to 
gather necessary statlsclcs, Ac present CAMAC and 
NIK power levels the Shuttle fuel cell assigned for 
tho experiments is not adequate for the longer missions. 
Putting on an nddlclonal coll would require the re- 
moval of one or more of the 4 to 5 experiments in 
question. Both of these problems can be solved 
with CAMAC and HIM designed for lower power operation. 
Often in CAHAC this can be accomplished simply by 
using components which raquire loss power and perhaps 
cost a little more or are just becoming available, 
e.g,, low-power Schottky T2 i. vs, standard T^L 
logic circuits. It is clear that in the hlghly- 
compctltlvc CAHAC a.-id NIH commorclal markets cost 
must be low, and there Is little constraint on power. 

He will have to take n somewhat different position, 
paying a higher price to got lower power consumption. 

In our work with experimenters we h.ive defined nsiro 
chan 40 modules which would have substantial usogc. 
These modules ore listed In Tables 2 and 3. 

Presently we have concluded studies by three manu- 
facturers of CAHAC and NIH modules concerning 10 
of their modules - 8 CAHAC and 2 NIM modules. A 
study by a fourth manufoccurer Is just underway con- 
cerning three of his nodules, as well as special 
studies of the flight qualification of his hybrid 
circuitry. We asked them to study power reduction, 
component changes, packaging for the vibration loads, 
and csCimnClng iilclmacc coats vs. quantity. Including 
appropriate reliability and documcncoclon. 

Results of the flrrt three studies showed that therr 
are no serious parts or fabrication problems for 
these modules. NASA-approved parts are readily 
available In place of most of the commercial parts. 
Education and some training are required In NASA 
fobrlcatlon methods, layout and soldering. Design 
for the vibration environment seems stralghcfoiword. 
Fower reduction by a factor of n. 3 soems attainable 
for the CAMAC and NIH modules with a typical cxpcrl- 
mcat. Some CAMAC modules show power reduction by a 
factor of 5 to 10. The smallest power reduction was 
shown for n spectroscopy amplifier where only n 
i\i 25% reduction was possible unless performance 
parameters wore changed - e.g,, +5 voles out vs, +10 • 
volts out. Often these power reductions caipc about by 
Incorporating a more expcnalvc, or more modern 
component such as Schottky T^L Integrated circuits. 


2 


TABLE 2; NIM MODUIES FOR SPACEFLIGHT USE 


AMPLIFIERS 

Spoctrppcppy Amplifier 
Qund Gen. Piirppsc Amplifier 
Ffloc Linear Ampllfiar 
IXtal Fast Linear Amplifier, Var. Gain 
BloBCd Amplifier 

LTHFJ^R FAN-INS 

Quad 2-Input/Dual A-Input Fan-In 
Dual 8-Inpuc/l6-Input Fan-In 
Dull Expandable Summer 

LINEAR FAN-OUTS 

Dual 8- or 16-Bit Fan-Out 

DELAY AMPLIFIER 

Step Sclcetable Delays 


THRESHOLD DISCRIMINATORS 

Quad Fast Diaorlmlnator 
Constant Fraction Dlserlmlnator 
Integral Discriminator 

LOGIC MODULES 

HECL Logic Modulo 

Quad Cate and Delay Module 

Quad and/or for Fast NIM Levcla 

BINS. CRATES. MODULES. ETC . 

Crates and 1/2 Crates 
Bine and 1/2 Bins 

DC-DC Converters for Crates and Bins 
Klugo Modules 


TABLE 3i CAMAC MODULES FOR SPACEFLIGHT USE 


CONTROLLERS 

Controller with MlcroprocccBor 
Type U with Computer 
Type L Serial Controller with 
Asaociated Driver 

SCALERS 

A/2A-Blt 130 MHz 

Hex TTL/NIM 50 MHz 

12/24 Bit O.S MHz 

2/16 ■Bit Preaet Sealers 

4/16 Bl', Vrcsettablc Up/Down 

SPECIAL PURPOSE DIGITAL DATA 

RAU Interface for Commando and Do Co 
8K Words X 24-Bit RAM Module 
256 WordB x 24 Bits, First In/First Out 
Buffer 

D/A CONVERTERS 

8/10-Blt DAC 
2/12-Bit Fast DAC 

POSITION EHCODERS/DRIVERS 

Dual Incremental Fooltlon Encoder 
Dual Stepper Motor Driver 
Motor Driver 


Even with those power reductions, the full requirements 
of IEEE Standard 583^ arc being met. Large power 
reductions resulted from incorporating + 15 volts and 
+ 5 A'olts as standard, buaacd voltages. 

The substantial reduction In power consumption cases 
tho job of thermal design of the modulen and module/ 
crato/bln system considerably. Various mechanical 
changes ore being made and will be discussed presently, 
but it appears that the maximum temperature rise within 
fl nodule may be held to o, 25"C. For most modules 
it more typically will be 10 or 15°C, 


OUTPUT REGISTERS 

12-Blt Output Storing Registers 
2/24-Blt TTL Output Registers 

INPUT REGISTERS 

12/Bit NIM Fast Iwitcli 
2/24-Blt TTL Input Register 
2/24-Blt TTL Input Cate 

A/D CONVERTERS 

8192 Channel Pulse ADC 

12/1024 Channel Charge Digitizer 

2/12-Blt Successive Approx. ADC 

Quad Time Dlgltlzcts 

15-Blt ADC (Short-Term Stability) 

ANALOG DATA MODULES 

32-Channel ADC/MUX 
32-Channel MUX Expander 

CLOCKS/TIMERS 

Real-Time, Presettable Clock 
Dual Timer Modulo 


Currently proposals are being solicited competitively 
for the redesign and prototype fabrication of a 
spaceflight version of a CAMAC crate, a NIM bln and 
power supplies (dc-dc converters) for each. 

We anticipated also a similar contract for a CAMAC 
controller with microprocessor. The available commer- 
cial modules have been found not to be good candidates 
for redesign nnd derating for spaceflight use. The 
decision has been made for the GSFC Instrumentation 
Branch to design theuc particular modules. 
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As s result of this work, It la now door that an 
adequate supply of modules • eratosi bins and pouer 
supplies ulll be available by mid 1977 to carry out a 
ncniilncful sequence of demonstrations and environmental 
qualification tests. These teats then would provide 
one of the major inputs to a (lASA decision for the Im- 
plementation of our Shuttlc/Spacclab experiments with 
such space-qualified CAMAC and Kill modules. 

Hcchonlcnl Hodlf Icatlons 

Several mechanical chanses have been etnde to the CAMAC 
and NIH modules to enhance their pccformnncc under 
vlbrotlon and to enhance tlielr ability to conduct 
heat. The basic mechanical standards arc still being 
met, however; and so a commercial module may be insert- 
ed In a spaceflight bln or crate, and It will fit, 
receive the proper power and sea the proper electrical 
Interface, Most changes arc concerned with CAMAC 
modules, and these will be discussed as the example. 

Pig. 1 outlines a CAMAC module. While the commercial 
module has only a lower screw lock assembly on the 
front, the spaceflight version provides for three: 
one each on the front upper and lower and on i on the 
rear Just above the edge connector. These p ovlde 
additional mechanical support as well as better 


guaranteed tliormnl paths. The figure also shews that 
the standard Leno connectors have been replaced by 
Bcrew-typo, SO ohm connectors (Sealcctro SkM series), 
and iocklng-typc toggle owltchcs. Not shown for 
clarity on this drawing arc the side shields which 
ulll be required on both module surfaces, Substantial 
formed aluminum shields add considerable thermal 
conductivity and mechanical strength to the module. A 
number of nlumlmim standoffs arc attached bvtucen the 
ohlelds and the boards on both sides. Additionally, 
the crates nnd bins arc specified to have module edge 
sloes which ore mcchonlcnlly driven or spring loaded 
so ns to guarantee good thermal connection between 
mOdulCB and crates or bins. 

Figure 2 shows a line drawing of a side view of a 
spaceflight crate with a renr-mounted dc-dc converter 
os tho power supply. In the general case, these crnCca 
wilt be stacked two or three units high on the pallet, 
The crates provide for bolting themselves together In 
such a Btackup. The stacking/shunt brocket shown 
enables the stocking but also provides a convenient 
heat path for the heat originating In the de-dc 
converters. The crate speciflcntlons call for sub- 
ncanclal use of thick aluminum to provide Che required 
conductance through and around the crate. 




PIG. 2; SIDE VIEW OP SPACEFLIGHT CRATE 
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CoBt Kf f crtivuneoo 

A prime motJ.Vntifin for the 'JBO of a aranilardizod, 
modular oyntem la coat no w.‘U no Itn functional value. 
Uc hove studied several potential experlncnco no 
first exst.plca. These are larfie experiments weighing 
from 1200 to 5000 Kg and requiring 200 to 300 watts 
total power Including thit for the eommercinlly- 
Dvallnblo CAHAC nnd NIM miduloa. As already dlscuBscd, 
preliminary results from the stxidlea underway by 
manufacturers show promise of considerable reduction 
In those power figures. An engineering version of such 
an experiment could be built using commercial CAfblC 
and NIM modules for a present cost of from $25,000 
to $50,000 for the modular electronics. 

We believe thnt individual m'^dulea in the space-quali- 
fied version will cost from 2.5 to 8 times ns much 
as the present commercial modules depending upon 
complexity and the quantity of the buy. Using these 
figures we would expect the overall i;AH\C and NIM 
system for these astrophysics experiments to cost 
Si 0 times more than the commercial system. Using the 
factor of 6 ss the pesslmlotlc approach, and comparing 
the result with the cost of our l owest cost oonvcntlon- 
nl spaceflight electronics, we predict thnt Che cost 
of Impleraontlng the system with space-qualified CAMAC 
ond HIM will be a factor of S to 10 times lower. Thoso 
calculations did not include any factors as to the ro- 
usabllicy of these raodulca on many experiments; and 
these will have a large effect. Improving the cost- 
cffcctlvcncss even further. 

ihi obvious question Is: Why is this approach so much 

cheap ■ than our previouB lowest-cost space alectron- 
Ica? There are several reasons: 

1. The modules, especially the CAHAC raadulcs 
described by lEKE 583, ate quite functional .and useful 
to the experiments, and therefore there Is a need for 
reasonable quantities of these modules. Aoouming a 
mission mix of two sortie nlGslons per yrnr with pay- 
loads devoted to research In sstronony, solar physics 
and high-energy ascrophyolca , one probably would need 
0 stock of 1300 to 1500 total nodules spread over AS 
module typos. In these quantities the manufacturers 
arc able Co show s substantially reduced cost over our 
usual buy of 2 or 3 units. Key to this conclusion is 
the requirement tor NASA or a contractor to stock these 
modules ss n result of quantity module procurement. 

2. The Shuttle system has allowed us to use 
weight nnd volume as a tradc-off against cost. This 
la very cost-effective. It la very expensive to 
build small, light-weight electronics for space use, 
both in terms of the parts and the design and fabri- 
cation. 

3. Modules built to IEEE 583 and the HIM standard 
are well established. The Interfaces, both mechanical 
and electrical, are well understood and proven. 
Especially in the case of CAKAC, a substantial portion 
of the electronics design has to do with interfoclng 
with the daCDway .ind thence to the controller, other 
modules, microprocessor, etc. For spaceflight use 
the major change here Is one of buying a higher 
rollnblltty part and paying more for It, while there 
should be little design overhead. 

A, Host of the functional modules which are 
needed already exist. This is especially true for 
those experiments which fall in the urea we refer 
to os high energy astrophysics, whore neatly all mo- 
dules already exist. Again, the designs are well 
understood and proven, and very often the translation 
of a design to a spaceflight version Is only the 


Incorporation of bettor parts. 

In addition to the above rcasonu which lead to lower- 
cost modules, there Is a further major cost benefit 
of the CWtAC nnd HIM standards, and which la Indeed 
applicable to nil useful standards. One quickly 
builds an experienced group of users. Overall systems 
design time is shotconed, as are tho processes of 
IntcgrotlDn and dobugglng. A new system can be on- 
line much faster and nt a lower cost thcroforc. 
Additionally, these standards provide for modules 
which can be readily replaced In case of malfunction 
or need for repair. And flnnlly, both tho CAMAC 
and NIK standards allow one to readily expand one's 
system. 

Conclusions 

It appears that both from a costing and functional 
point of view spaceflight modules built to the 
CAIL\C and NIM standards arc very accraccive. As 
dlscuascd, a number of studies are undcrw;iy and will 
continue into Fiscal Year 1977, both In Industry 
and St the Goddard Space Flight Center. We need 
the results of these studies as a further assessment 
from n different viewpoint. It Is clear tliot this 
paper Is thus a progress report. Not all segments 
of NASA are convln'ccd that modules built to the 
CAKAC nnd NIM standards are the way of the future 
In space for these experiments, but if applied 
only to the high energy astrophysics experiments 
these modules arc functionally effective and very 
cost effective. 
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